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7) ABSTRACT

This invention relates to filtration particulate material for the
removal of compounds from fluid streams. More particu-
larly, this invention relates to a composition for filtration
particulate material, method of manufacture of the filtration
particulate material, filtration particulate material and the
use of the filtration particulate material for the removal of
compounds from fluid streams.
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COMPOSITION FOR FILTRATION PARTICULATE
MATERIAL

RELATED APPLICATIONS

[0001] This application is a continuation, under 35 U.S.C.
§ 120, of International Patent Application No. PCT/ZA2003/
00122, filed on Aug. 27, 2003 under the Patent Cooperation
Treaty (PCT), which was published by the International
Bureau in English on Mar. 11, 2004, which designates the
U.S. and claims the benefit of U.S. Provisional Application
No. 60/406,483, filed Aug. 27, 2002, and South African
Patent Application No. 2003/1512, filed Feb. 25, 2003.

FIELD OF THE INVENTION

[0002] This invention relates to filtration particulate mate-
rial for the removal of compounds from fluid streams. More
particularly, this invention relates to a composition for
filtration particulate material, method of manufacture of the
filtration particulate material, filtration particulate material
and the use of the filtration particulate material for the
removal of compounds from fluid streams.

BACKGROUND OF THE INVENTION

[0003] Control of gaseous pollutants such as hydrogen
sulphide, carbon monoxide, ammonia, oxides of nitrogen,
chlorine, formaldehyde, urea, volatile organic compounds
etc. is normally required for environmental, corrosion,
health and safety reasons. It is known in the art that gas
mixtures containing one of more of these pollutants can be
passed through filtration particulate material with chemical
reactants which absorb, adsorb and/or react chemically with
the pollutants to remove them from the gas mixture. Nor-
mally, filtration particulate material comprises an inert
porous carrier with a large surface area for adsorption or for
carrying chemical reactants.

[0004] Tt is further known in the art that certain pollutants
can be removed by oxidation with permanganate. Perman-
ganate containing filtration particulate material is disclosed
in U.S. Pat. No. 6,004,522. Alkaline salts are also used in
filtration particulate material to remove certain pollutants
from a gas mixture. A small portion of free water needs to
be present on the carrier to allow ionisation of the perman-
ganate salt and/or other salts and to facilitate transfer of the
ions to and from the reaction zone of the particulate matter.
It will be appreciated that the higher the effective perman-
ganate portion carried on the carrier, the more effective the
particulate matter. However, the particulate matter is usually
in the form of relatively dry granules or pellets and the free
water therefore limited which, in turn, limits the portion of
ionised permanganate and/or other salts. Non-ionised per-
manganate salts tend to crystallize and clog the pores of the
carrier, which decreases the particulate material’s efficacy.
Known ways of increasing free water on the carrier are to
use a hydrophilic carrier and/or to add a hygroscopic salt to
the carrier. U.S. Pat. No. 6,004,522 discloses the use of
sodium bicarbonate as a hygroscopic salt, however elevated
levels of sodium bicarbonate also clogs the pores of the
carrier and contributes in the formation of a hard medium,
which decrease the particulate material’s efficacy. This alka-
line salt also contributes to the removal of acidic gases from
a gas mixture. U.S. Pat. No. 6,004,522 puts forward the
theory that the hygroscopic ionisation of the permanganate
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allows migration of the permanganate ions from inside the
carrier media to the outside, as the permanganate on the
surface of the carrier media is chemically reduced, in use.

SUMMARY OF THE INVENTION

[0005] In this specification, percentage of a constituent of
the composition will be understood to mean percentage of
weight of the finished product.

[0006] According to a first aspect of the invention, there is
provided a composition for filtration particulate material
which includes modified hydrated alumina, which has been
prepared with activated alumina powder, which has been
treated with excess water, cured, calcined and grinded into
a powder.

[0007] The composition may include at least one oxidising
agent.

[0008] The oxidising agent may be a permanganate, chlo-
rate, perchlorate, peroxide, dichromate or the like salt or
metal dioxides.

[0009] The composition may further include an alkaline
salt selected from one or more of the group including
combinations of alkali and/or alkali earth metal ions with
carbonate ions, bicarbonate ions, hydroxide ions, oxide ions,
peroxide ions and/or peroxy carbonate ions. lons of other
metals may also be used. The alkaline salt may be between
5% and 50% of the composition for a filtration particulate
material.

[0010] Preferably, the composition may include a carbon-
ate such as potassium carbonate or sodium carbonate and/or
bicarbonate such as potassium bicarbonate.

[0011] The composition may further include alumina pow-
der. The alumina powder may be activated alumina powder.

[0012] TInstead of an oxidising agent, the composition may
further include activated carbon powder and an acid, such as
phosphoric acid, for example, for the removal of amines.

[0013] The modified hydrated alumina powder may, for
example, be prepared with activated alumina powder, which
has been treated with excess water worked into balls, pellets
or granules, and cured at about room temperature for about
two weeks, calcined and ground into a powder. The calcine
temperature may be between about 300° C. to 350° C. It will
be appreciated that various methods may be employed to
hydrate and modify alumina powder.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0014] The applicant has found that modified hydrated
alumina powder, compared to standard alumina powder, has
a lower rehydration rate and temperature and is advanta-
geously subject to less shrinkage during the curing step of
the manufacturing of the filtration particulate material. The
modified hydrated alumina’s resistance to shrinkage allows
the inert carrier of the filtration particulate material to lose
less of its porous structure during curing and therefore the
inert carrier has a larger surface area, which increases the
modified hydrated alumina’s efficacy. By manipulating the
level of calcining during modification of the alumina and/or
by manipulating the ratio of modified hydrated alumina
powder to alumina powder in the filtration particulate mate-
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rial, the porosity, pore structure, size and/or pore distribution
of the filtration particulate material can be manipulated. The
modified hydrated alumina also allows higher percentages of
active chemistry, salts, to be incorporated into the particulate
material while still retaining the physical integrity of the
particulate matter. The applicant believes that the shrink
resistant modified alumina functions as reinforcement for
reinforcing the inert carrier during the balling process and
assists in ball formation when slippery or soapy alkaline
salts are included in the composition.

[0015] The permanganate salt may be sodium or prefer-
ably potassium permanganate. The composition may include
at least 3% potassium permanganate. Preferably, the com-
position includes between 3 and 10% potassium permanga-
nate.

[0016] The composition may include at least 5% alkaline
salt. Preferably, the composition includes between 5 and
30% alkaline salt.

[0017] The alkaline salt may be metal oxides and/or metal
hydroxides. It will be appreciated that metal oxides such a
sodium oxide forms a hydroxide in water.

[0018] The composition may include at least 5% modified
alumina powder. Preferably, the composition includes
between 5 and 30% modified alumna powder.

[0019] The composition may include at least 5% free
water, preferably between 5 and 30%. Free water will be
understood to mean water available to ionise salts.

[0020] The composition may include any other oxidising
agent in addition to the permanganate, such as manganese
dioxide, salts of dichromate, chromate and the like.

[0021] According to a second aspect of the invention there
is provided a method of manufacture of filtration particulate
material which includes the step of mixing modified
hydrated alumina and an oxidising agent and/or alkaline salt.

[0022] TInstead of an oxidising agent, the modified alumina
may be mixed with activated carbon.

[0023] The mixing step may include rolling a substantially
dry powdery composition of modified hydrated alumina and
alumina powder in a pellet or granule forming rotating drum
or pan and adding to the rolling composition at least one
concentrated solution of an oxidising agent and/or alkaline
salt such that particulate material in the form of pellets or
granules form.

[0024] The dry powdery composition may include any or
all of the components except the oxidising agent.

[0025] The concentrated solution may be added by spray-
ing the solution onto the dry powdery composition.

[0026] The concentrated solution may, in addition to an
oxidising agent and/or alkaline salt, include any of the other
soluble components of the filtration particulate material.

[0027] TInstead, the mixing step may include mixing a
concentrated solution of an oxidising and/or alkaline salt to
a substantially dry powdery composition of modified
hydrated alumina, mixed and the method further including a
step of extruding or casting into rods, pellets or any other
suitable particulate shape to form the particulate material.
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[0028] The method may include the steps of drying the
particulate material at an elevated temperature and allowing
the particulate material to cool over a period of more than
one day.

[0029] The oxidising agent may be a permanganate salt.

[0030] The quantity and contents of the concentrated
solution and the quantity of the modified hydrated alumina
and alumina powder, is selected to provide a composition for
filtration particulate material as described above.

[0031] The concentrated solution may be added by spray-
ing the composition onto the powdery composition. The
concentrated solution may be heated to just below its boiling
point.

[0032] Heat and/or radiation may be employed over the
rotating drum or pan.

[0033] More than one different concentrated chemical
solution may be sprayed simultaneously onto the rolling
composition each solution being sprayed onto a different
pellet or granule size zone of the rolling composition to form
particulate material having layers of different chemical
compositions.

[0034] The particulate material may be heat cured at about
60° C. for about 12 hours.

[0035] The particulate material may, for some composi-
tions, be treated at between 300° C. and 350° C. to harden
the particulate material. It will be appreciated that certain
oxidizing agents may decompose at such elevated tempera-
tures and this treatment may follow if no, or limited,
decomposition occurs. The time at which the particulate
material is kept at 300° C. to 350° C. may also be determined
by the rate of decomposition of the oxidising agent or other
chemicals at this temperature.

[0036] In certain instances the decomposition of the bicar-
bonate salt may be preferred in order to increase the porosity
of the filtration particulate material, and the particulate
material heated accordingly.

[0037] According to a third aspect of the invention, there
is provided filtration particulate material, as described
above.

[0038] According to a fourth aspect of the invention, there
is provided the use of the filtration particulate material as
described above for the removal of compounds from fluid
streams.

[0039] The fluid stream may be a gas mixture emitted by
a chemical process or more than one process located in the
same general area.

[0040] In use, the bicarbonate would react with certain
acidic gases while, where included in the composition, the
carbonate would react with sulphide gases.

[0041] The filtration particulate material, in accordance
with the invention, may be used for purifying polluted air or
to remove odours from air for hotels, airports, hospitals,
office buildings, restaurants, shopping malls, sewage treat-
ment plants and the like. The filtration particulate material,
in accordance with the invention, may also be used for
maintaining ultra pure air in semiconductor manufacturing
facilities.
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[0042] The filtration particulate material, in accordance
with the invention, may also be used for industrial applica-
tions such as emission and/or corrosion control in the steel,
petrochemical, paper, sewage treatment and the like indus-
tries to protect sensitive electronics and other equipment
such as electric motors and compressors in chemical plant
environments.

[0043] More particularly, the filtration particulate material
may be used to filter toxic, corrosive, irritant and/or odorous
gas streams. Toxic gas streams may for example contain
chlorinated hydrocarbons, volatile organic compounds and/
or the like. Corrosive gas streams may for example contain
inorganic chlorides, sulphur compounds, nitrogen oxides
and/or the like. Irritant gas streams may for example contain
ammonia, amine, chlorine, toluene, formaldehyde and/or the
like.

[0044] The applicant has found that the use of potassium
bicarbonate instead of sodium bicarbonate has several
advantages. Potassium bicarbonate does not decompose as
readily as sodium bicarbonate, above about 160° C. instead
of above about 50° C. This enables the particulate material,
in accordance with the invention, to be dried and/or cured at
up to about 160° C. without substantial decomposition of the
particulate material and the structural integrity of the par-
ticulate matter is maintained during manufacture. During
use of the particulate material, as the potassium bicarbonate
reacts with acidic gases, it releases CO, gas and water,
which in turn increases the hygroscopic nature of the par-
ticulate material, which contributes to the availability of
permanganate ions and other reactive chemistry ions. Thus,
during use the effectiveness of the particulate material is
maintained or even increased. Further, the use of modified
alumina powder, together with potassium bicarbonate assists
in maintaining a less dense medium as addition of water to
modified alumina results in less heat of rehydration and less
subsequent shrinkage and densification.

[0045] The applicant has also found that carbonates are
more useful than bicarbonates in certain compositions. Sig-
nificantly higher proportions of reactive alkaline chemistry
can be incorporated into the filtration particulate material
whilst still maintaining ball integrity when potassium bicar-
bonate is used, provided that 160° C. is not exceeded in the
curing process. Hydrogen sulphide gas also reacts readily
with carbonates, which enhances the removal capacity of the
filtration particulate material regarding sulphide gases and
its oxidation capacity. Carbonates also enhance the hygro-
scopic nature of the filtration particulate matter.

[0046] The invention is now further described by way of
non-limiting examples of a composition for filtration par-
ticulate material, in accordance with the invention.

EXAMPLE 1

[0047] A composition for filtration particulate material
includes 8% potassium permanganate and 15% modified
hydrated alumina powder, which has been prepared with
activated alumina powder, which has been treated with
excess water, cured calcined and grinded into a powder. The
composition also includes 12% sodium carbonate, 20%
water and alumina making up the remainder of the compo-
sition. The method of manufacture of the filtration particu-
late material having the above composition includes the
steps of rolling a substantially dry powdery composition of
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the modified hydrated alumina and alumina powder in a
pellet forming rotating drum. Concentrated solutions of the
potassium permanganate and sodium carbonate are sprayed
onto the rolling modified hydrated alumina powder and
alumina to form pellets. The formed pellets are cured at 60°
C. for 12 hours and allowed to cool over a period of more
than one day. The pellets are then screened and sorted into
different pellet sizes.

EXAMPLE 2

[0048] A composition as described in Example 1, which
includes 12% potassium carbonate instead of 12% sodium
carbonate.

EXAMPLE 3

[0049] A composition for filtration particulate material
includes 8% potassium permanganate, 50% alumina powder
and 15% modified hydrated alumina. The composition also
includes 12% potassium bicarbonate and 15% water. The
method of manufacture of the filtration particulate material
having the above composition includes the steps of rolling a
substantially dry powdery composition of the alumina pow-
der in a pellet forming rotating drum. Concentrated solutions
of the potassium permanganate and potassium bicarbonate
are sprayed onto the rolling alumina powder to form pellets.
The formed pellets are cured at 60° C. for 12 hours and
allowed to cool over a period of more than one day. The
pellets are then screened and sorted into different pellet
sizes.

[0050] Alternatively, the potassium bicarbonate is blended
with the alumina powder in a dry state and the mixture
thereof added to the rotating drum. The mixture is then
sprayed with a concentrated solution of the potassium per-
manganate.

EXAMPLE 4

[0051] A composition for filtration particulate material
includes 8% potassium permanganate and 15% modified
hydrated alumina powder, which has been prepared with
activated alumina powder, which has been treated with
excess water, cured calcined and grinded into a powder. The
composition also includes 12% potassium bicarbonate, 20%
water and alumina making up the remainder of the compo-
sition. The method of manufacture of the filtration particu-
late material having the above composition includes the
steps of rolling a substantially dry powdery composition of
the modified hydrated alumina and alumina powder in a
pellet forming rotating drum. Concentrated solutions of the
potassium permanganate and potassium bicarbonate are
sprayed onto the rolling modified hydrated alumina powder
and alumina to form pellets. The formed pellets are cured at
60° C. for 12 hours and allowed to cool over a period of
more than one day. The pellets are then screened and sorted
into different pellet sizes.

EXAMPLE 5

[0052] A composition for filtration particulate material
includes 5% potassium permanganate, 50% alumina powder
and 15% modified hydrated alumina. The composition also
includes 10% sodium carbonate, 5% potassium bicarbonate
and 15% water. The method of manufacture of the filtration
particulate material having the above composition includes
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the steps of rolling a substantially dry powdery composition
of the alumina powder and the other components, except the
potassium permanganate and potassium bicarbonate, in a
pellet forming rotating drum. Concentrated solutions of the
potassium permanganate and potassium bicarbonate are
sprayed onto the rolling alumina powder to form pellets. The
formed pellets are cured at 60° C. for 12 hours and allowed
to cool over a period of more than one day. The pellets are
then screened and sorted into different pellet sizes.

EXAMPLE 6

[0053] A composition as described in Example 5, wherein
10% potassium carbonate is used instead of 10% sodium
carbonate.

EXAMPLE 7

[0054] A composition for filtration particulate material
includes 8% potassium permanganate, 47% alumina powder
and 15% modified hydrated alumina. The composition also
includes 10% sodium carbonate, 5% potassium bicarbonate
and 15% water. The method of manufacture is the same as
for Example 5.

EXAMPLE 8

[0055] A composition as described in Example 7, wherein
10% potassium carbonate is used instead of 10% sodium
carbonate.

EXAMPLE 9

[0056] A composition for filtration particulate material
includes 5% potassium permanganate, 50% alumina powder
and 15% modified hydrated alumina. The composition also
includes 5% sodium carbonate, 5% potassium carbonate, 5%
potassium bicarbonate and 15% water. The method of manu-
facture is the same as for Example 5.

EXAMPLE 10

[0057] A composition for filtration particulate material
includes 8% potassium permanganate, 47% alumina powder
and 15% modified hydrated alumina. The composition also
includes 5% sodium carbonate, 5% potassium carbonate, 5%
potassium bicarbonate and 15% water. The method of manu-
facture is the same as for Example 5.

EXAMPLE 11

[0058] A composition for filtration particulate material
includes 8% potassium permanganate, 47% alumina powder
and 15% modified hydrated alumina. The composition also
includes 10% calcium dioxide, 5% potassium bicarbonate
and 15% water. The method of manufacture is the same as
for Example 5.

EXAMPLE 12

[0059] A composition for filtration particulate material
includes 8% potassium permanganate, 47% alumina powder
and 15% modified hydrated alumina. The composition also
includes 10% copper oxide, 5% potassium bicarbonate and
15% water. The method of manufacture is the same as for
Example 5.
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EXAMPLE 13

[0060] A composition for the removal of amines includes
25% of a 10% w/w mixture of phosphoric acid and fine
activated granular carbon mixture, 50% alumina, 10% modi-
fied alumina and 15% water.

EXAMPLE 14

[0061] A further composition for the removal of amines
includes 25% of a 10% w/w mixture of phosphoric acid and
fine mesh granular carbon mixture, 45% alumina, 10%
modified alumina, 5% phosphoric acid and 15% water.

EXAMPLE 15

[0062] A composition for the removal of acidic gases
includes 25% of a 10% w/w mixture of sodium hydroxide
and fine activated granular carbon mixture, 50% alumina,
10% modified alumina and 15% water.

What is claimed is:

1. A method for manufacturing a composition suitable for
use as a filtration particulate material, the method compris-
ing the steps of:

modifying a first activated alumina, wherein the step of
modifying the first activated alumina comprises:

hydrating the first activated alumina by treating the
activated alumina with an excess water to form a
hydrated alumina paste;

curing the hydrated alumina paste, whereby a cured
alumina is obtained;

calcining the cured alumina, whereby a calcined alu-
mina is obtained; and

grinding the calcined alumina into a powder, whereby
a modified activated alumina is obtained; and

mixing the modified activated alumina with a substan-
tially dry and powdery second activated alumina,
whereby a composition suitable for use as a filtration
particulate material is obtained.

2. The method of claim 1, further comprising the step of:

mixing the modified activated alumina and the substan-
tially dry and powdery second activated alumina with
at least one additional component selected from the
group consisting of oxidizing agents, alkaline earth
metal salts, alkali metal salts, and mixtures thereof.

3. The method of claim 2, wherein the oxidizing agent is
selected from the group consisting of permanganates, chlo-
rates, perchlorates, peroxides, dichromates, metal dioxides,
and mixtures thereof.

4. The method according to claim 2, wherein the alkaline
earth metal salts are selected the group consisting of car-
bonates, bicarbonates, hydroxides, oxides, peroxides, and
peroxycarbonates.

5. The method of claim 2, wherein the alkali metal salts
are selected the group consisting of carbonates, bicarbon-
ates, hydroxides, oxides, peroxides, and peroxycarbonates.

6. The method according to claim 2, wherein the step of
mixing comprises:

mixing the modified activated alumina with a substan-
tially dry and powdery second activated alumina;
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adding to the mixture of modified activated alumina and
second activated alumina a concentrated solution of at
least one component selected from the group consisting
of an oxidizing agent, an alkaline earth metal salt, an
alkali metal salt, and mixtures thereof, whereby a
rolling composition is obtained; and

rolling the rolling composition in a rotating drum or a pan,
whereby pellets or granules suitable for use as a filtra-
tion particulate material are obtained.

7. The method of claim 5, wherein the step of adding
comprises spraying the concentrated solution onto the mix-
ture of modified activated alumina and second activated
alumina.

8. The method of claim 6, further comprising the step of:

heating the concentrated solution to a temperature just
below a boiling point of the concentrated solution,
wherein the step of heating is conducted before the step
of adding.
9. The method of claim 2, wherein the step of mixing
comprises:

mixing the modified activated alumina with a substan-
tially dry and powdery second activated alumina;

adding to the mixture of modified activated alumina and
second activated alumina a concentrated solution of at
least one component selected from the group consisting
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of an oxidizing agent, an alkaline earth metal salt, an
alkali metal salt, and mixtures thereof; and

extruding or casting the mixture into a particulate shape
selected from the group consisting of rods, pellets, and
mixtures thereof, whereby a filtration particulate mate-
rial is obtained.
10. The method of claim 1, further comprising the steps
of:

drying the filtration particulate material at an elevated
temperature of about 60° C.; and

allowing the dried filtration particulate material to cool to
room temperature over a period of more than one day.
11. The method of claim 1, further comprising the step of:

working the hydrated alumina paste into a form selected
from the group consisting of balls, pellets, and gran-
ules.

12. The method of claim 6, further comprising the step of:

curing the pellets or granules at a temperature of about 60°
C. for about 12 hours.
13. The method of claim 1, wherein the cured alumina is
calcined at a temperature of from 300° C. to 350° C.
14. The method of claim 1, further comprising the step of:

mixing the composition with activated carbon.
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